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DIFFERENTIALLY-DRIVEN LOOP EXTENDER 



CROSS REFERENCE TO RELATED APPLICATIONS 
lOOOll Th.s apphcation relates to and cla.ms the pnonty of commonly assigned U.S. 
Prov.s.onal Patent AppUcat.on No. 60/212,597, entUled "DSL Repeater," filed on Tune 19, 
2000 the disclosure of which is hereby incorporated by reference. Th.s application is also 
,elatedtocommonlyass.gnedU.S.Prov.ronalPatentAppUcat.onNo. 60/184,392 f^^^^ 

February 23, 2000 and entitled "Mid-Span Repeater for ADSL," and commonly assigned 
U.S. Patent Apphcation No. 09/569,470 filed May 12, 2000 and entitled "DSL Repeater," the 
disclosures of which are hereby incorporated by reference. 

BACKGROUND OF THE INVENTION 
1 Field of the Invention 

1,0021 ™. present system and method relate generally to Digital Subscriber Line (DSL) 
,eobno,ogy.andn.orepartic„larlyt„asysten.and.e.hodfori,nprov,ngADSL(Asy.n,et^ 

DSL) and VDSL (Very high data rate DSL) system perfonnance over long local loops. 



2. Description of the Background Art 

,00031 One method of accessing the Internet is by using DSL technology, wh.ch has 
several varieties, including ADSL and VDSL vers.ons. ADSL is one version otDSL 
technology that expands the useable bandwtdth of existing copper telephone Imes. 
ADSL is "asymmetnc" in that ADSL reserves more bandw,dth ,n one dtrection than ,n 
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omer, wh,ch .nay be beneficial for users who do „o, require e,ual ba„dwidU, in bo* 
dir.«ons. in one i«p,emen.a.ion. ADSL signals generally occupy fte fte,uency band 
between about 25 kHz and 1.104 MHz. In Uris confi^alion, ADSL uses ,he frequency 
^ between about 25 fflz and 120 kHz to transmit upstrean, signals (signals frotn a 
customer premises to a centra, office) and the frequency band between about 150 kHz to 
U04 MHz to transmit downstream stgnals (s.gnals from the central office to a customer 

premises). 

,,,04, Hence, ADSL employs Frequency Division Multiplextng (FDM) to separate 
upstr^amanddownstream Sisals andto separate ADSLsignaUfromPOTS (Plain Old 

Telephone Service) band signals, which res.dc below 4 kHz VDSL also uses FDM to 
separate do^stream and upstream channels as well as to separate both downstream and 
upstream chamiels from a POTS chamiel. 

,00,5, m the past. ADSL has been used to deliver high-speed data services to 

arop off dramattcally on long loops, such as local loops over about .8,000 feet, to about 
0 5 MBPS or less. Conventionally, ADSL service generally employs a local loop length 
of about 6,000 - 14,000 feet tor optimal service. Loop length ,s generally defined as the 
length of the wire between the central office, or central office extension, and the customer 

u • cc "Ppntral office" and "central office extension" are 
premises, such as a home or business. Central ottice 

collectively referred to herein as "central office." 

^0006, DSLsignalsgenerallydegradeastheytraversethelocalloop. Hence, the longer 
the localloop length, themore degraded theDSLsignal will tend tobe upon amvingata 
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^ nsL service is conventionally possible 

«mUes While some DSL servn. 
«„„alotf.c=oracus,om=rprem.s - fl^a. wifl> loops ""S" .haB 

1 4 000 feet it has been founo men 
...HW-^-s longer than . . „gh d.,a «-.fer ra.es. 

.o»U.000.eU.OS...aH.ooae.a.^^P^^^ 

.000. ---'-^'■"""^trui.p----- 

0, more of attenuation on lone loops.* 

^-'^'=^"*"°'^""''""",„SLsl^aUe,raaaUonover.onsloopsan. 

----- 

„^.„,.SUee.olo..ore...;^^^ 

013.0..an.n.S.-S— — --^^^^^^^ 
,„,,„,.«..«..-V.C..Mae..,lan^^ 

,„,,„,,,e.sc.os»resofw«are.ere..— e..y 
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SUMMARY OF THE INVENTION 

,,,, ..^.......^^^^^^^^^^^^^ 

.„_p.™.s..a™pU<y.n.OSL..aMu.a3Ca,e.o..ADSL„.VOSL 

_,..„,a«...ea.a„. — OS....s.„aa.s.pa„.U,— 

• f fv,^ n<;L signals as they traverse a local loop, 
for attenuation of the DbL signais « j 

,0.10, — .00.— .,*e,oopex«„d..sa„o„-.,e„.a„ve 
^ea»ana.cM.a„»ps«ea.f*er/a»pU.yinse,-.e.ad„— 
.„pU^.„.e,uaU..,a.ffe«„..a.a.pU«.pa.,anaan — a:^^^^^^^^ The 
.:..e..-..a„a«Ue.a,ea,spos...ee„a«.a„..c^ 

,.3pec.a.a„aoo„pM.e.oope.»a..o.e,ooaUoop.T.ups.a.«.„^ 
™pU...e,.U.„=a.ceso.e«™na.s*eeffeo.of— ..anea^^^^ 
a.„^*e.ybHdo„.heup^a«sig„a>a„da.p«fies.heups„ea.si.a..T.e 

a«pH^..-e„=.ceso.— s..e«ee.„..ps»^ 
.„a..ea.a,e.^u^.e.v.n.o„.e — s..a,anaa.p>.«=s.e 

iH.A hack to the customer premises and the 
prevents upstream signals from being transmitted back to the 

u tanti^Uv nrevents downstream signals from 
upstream filter / amplifying equalizer substantially prevents 

being transmitted back to the central office. 

,01, The differential amplifier pair provides fiirther downstream signal 
^pUfication. Theinvertingamplifierinvertstheupstreamsignal. Thefirst 
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„eUc.^n.U«a.ve„W — ^^^^^^ 

„U,.v..u..a™..aU,.o....«.=^u^^^^ 
.apass,.s.eups.ea»s>snauo..ooauoop.,— n.o.ece„„a,„..ce. 

„„,a.pU^.S..aU..a„a.s«a.»..»p,,..se,ua.«a.-^^^^^^^ 

.,.,...„s..a.™o..a„.o„.«..a.^ 
..a...,^.— ,s..aMe„..o.e™.ea«e„ua..asU.e,passa.o„s«.e 

„s.p™v,a. — a.p— ...e..^^^ 

p„..a.p.e,.nonee.W,™e„.a.o_e,ua,..sa».,a.ou.SO/. 

.„pe„s.on..a.o..000.e.on..WO(A.enca„W,.Cause,— ^ 
,,„..,aBro.OO.H. — ..aUa.a.o„U.aB..M„.— 

.,,..U.ewUe,,.Mse..o.«.n.,a„ups.ea.sa..r-UO.co.^^^^^^^^^ 

^^„„.,,„„„,,,,.WO.e.ep.o„e.aUe.a.ou.K.aB..30K„.ups.a» 

..,.3a„aa.o.n.B..n0^z.ps«ea«s.na>s.O.««e.^esa„..e„s.s„r 

pSL„ans™.sio„n,ediaw,U.*e,y,e,u.edi£fere„.an,o„„,sotga,n. 
,„,„.„,,„eMesa..o.POTS.oaa.„....o..p.ove*ePOTS,o.o..^^ 

.,...«U.a.e..oa.»e..on.p..„Uoope..e„a„ — POTS,oaa,„S 



5 



3,....-.... — ........ 

p..™ae— .,a.oope-ensa.spose.a.o.ev..5,000 ., 

preferably abom every 6,000 feet along a localloop. 

.eprese„.sys.e,„ar>a™e*o.pro..e.r...rprove. 

.„„of.SLsl,„alsover.ocaUo„ps. ^«o„a.fea.resa„.a.va„»sesof.e 
transmission ot u:>i- sigiia ^^.^^the 
,.....e™a.»e.„a.«beappa.«.o.«.s«.*ear,...e 

„y..«a.."e.,.eaaeser.p.ro„a.se..r.Hbelow. 
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BRffiF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a graph illustrating one example of DSL signal attenuation over a 6,000- 
foot length of telephone cable as a function of signal fi-equency; 

FIG. 2 illustrates multiple local loops intercomiecting a central office and multiple 
customer premises with each local loop having at least one loop extender coupled thereto; 
FIG. 3 illustrates one embodiment of a FIG. 2 loop extender; 
FIG. 4 illustrates another embodiment of a FIG. 2 loop extender; 
FIG. 5 illustrates one embodiment of a FIG. 4 hybrid; 
FIG. 6 illustrates one embodiment of another FIG. 4 hybrid; 
FIG. 7 illustrates one embodiment of a FIG. 4 upstream filter; 
FIG. 8 illustrates the magnitude of the firequency response of the FIG. 7 filter; 
FIG. 9 illustrates the phase of the fi-equency response of the FIG. 7 filter; 
FIG. 10 illustrates one embodiment of a FIG. 4 downstream filter; 
FIG. 11 Illustrates the magnitude ofthefirequency response of the FIG. lOfilter; 
FIG. 12 illustrates the phase of the firequency response of the FIG. 10 filter; 
FIG. 13 illustrates one embodiment of a FIG. 4 upstream amplifying element; 
FIG. 14 illustrates one embodiment of a FIG. 4 downstream amplifying element; 
FIG 15 illustrates the magnitude of the fi:equency response of the upstream 

amplifying element of FIG. 13; 

FIG. 16 Ulustm.es phase of tt>e frequency response of 4e upstream amplifyrng 

element of FIG. 13 ; 

FIG 17 illustrates the magnitude of the frequency response of the FIG. 14 

downstream amplifying element; 
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FIG. 18 illustrates 



,he phase of the frequency response of the downstr^ 



amplifying element of FIG. I''; 

no. 19 illustrates another embodiment of a FIG. 2 loop extender, accordtng to 

the invention; 

PIG. 20 mustrates one embodiment of the hybnd on the central office s.de of the 

FIG. 19 loop extender, according to the invention; 

u ^;,x.ent of the hybrid on the consumer premises side 
FIG. 21 illustrates one embodiment ot tne nyonu 

of the FIG. 19 loop extender, according to the invention. 

.n^hodiment of the upstream filter/amplifying equalizer of 
FIG. 22 illustrates one embodiment oi uic y 

the FIG. 19 loop extender, according to the invention; 

...hndiment of the upstream inverting amplifier of the 
FIG. 23 illustrates one embodiment oi mo up 

FIG 19 loop extender, according to the invention; 

HG. 24 Illustrates one embodiment of the downstream filter / amplifying 
equalizer of the FIG. 19 loop extender, according to the invention; 

u A- nf the downstream differential amphfier pair 
FIG. 25 illustrates one embodiment of the downsire 

of the FIG. 19 loop extender, according to the invention; 

FIG 26 illustrates the magnitude of the frequency response of the upstream filter / 
amplifyingequalizeroftheFIG.191oopextender,accordingtotheinvention; 

V, ^fthpfreauencY response of the upstream filter/ 
FIG 27 illustrates the phase of the frequency v 

ampltfyingequalizer of .heFIG..91oopex.e„der.acoording.o.he invention; 

p,0 28 lllnst^tes the magnttude of the « response of the downstream 
«er/ampl..y.nge,ua..erofthenG.191oopextender,a— totheinvent.o.and 
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PIG 29 iHus^tes *c phase of fte « response of do— f,Uer / 
a.pUfV.ng ecaHze. of U,e FIG. 19 >„op extender accoMins u> .he — . 
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DETAILED DESCRIPTION OF THE DRAWINGS 
[00171 FIG. 1 illustrates an example of the attenuation of a DSL signal over 6,000 
feet of 26 AWG (American Wire Gauge) telephone cable. As shown, higher frequency 
signals are generally attenuated more than lower frequency signals. In the FIG. 1 
example, a 25 kHz signal is attenuated by about 25 dB over 6,000 feet of 26 AWG 
telephone cable while a 1 MHz signal is attenuated by about 46 dB over 6,000 feet of 26 
AWG telephone cable. As those skilled in the art will appreciate, the actual degree of 
attenuation will also depend on factors in addition to loop length, such as temperature. 
[00181 FIG. 2 illustrates a DSL network 200 that includes a central office 202, 
customer premises A 204, customer premises B 206, customer premises C 208, and 
customer premises N 210. The customer premises 204, 206, 208, and 210 are 
respectively coupled to the central office by local loops 214, 216, 218, and 220. Each 
local loop includes a twisted pair of copper wires; commonly known in the art as a 
"twisted pair." Typically, the copper wires are formed of 22, 24, or 26 AWG wire. 
[00191 Moreover, as those skilled in the art will appreciate, the central office 202 and 
each of the customer premises 204, 206, 208, and 210 includes a DSL termination device, 
such as a DSL modem, for transmitting and receiving DSL signals over an associated 
local loop. 

[00201 A loop extender 224 (also called a DSL repeater) is coupled to the local loop 
214 to amplify DSL signals, such as ADSL or VDSL signals, passing over the loop 214 
between the central office 202 and the customer premises 204. As discussed above. DSL 
signals are generally attenuated as they travel along a local loop, such as the local loop 
214. The loop extender 224 is disposed along the loop 214 between the central office 



10 



202 and ,h. customer premises 204 .0 a. leas, partially compensate for U,e DSL signal 
anenuation by amplifying Ihe —ed DSL signals. Additional details otthe loop 
extender 224 are described below with reference to FIOS. 3-18. 
,0.2,, to addttion. a loop extender 226 ,s coupled to the loop 216 between the central 
omce 202 and the customer premises 206 to amplify DSL signals passing between the 
central office 202 and the customer premises 206. Likewise, a loop extender 230 is 
disposed between the central office 202 and the customer premises 210 .0 amplify DSL 
signals passing between the central office 202 and the customer premises 210. TTre loop 
extenders 226 and 230 are configured the same as the loop extender 224. 
10022, Further, FIG. 2 illustrates that multiple loop extenders may be coupled in 
series, or in cascaded fashion, .0 a single loop for amplifying tiansmitted DSL sisals 
multiple times and in multiple locations between the customer premises and the central 
office to pennn DSL s.gnals to be transmitted over greater distances while still 
matntaming an acceptable DSL signal amplin.de. Specifically, a loop extender 228 and a 
loop extender 229 are coupled in senes to the loop 218, which couples ti,e cental office 
202 and the customer premises 208. Pursuant to this conf.^.ion, .he loop extender 228 
first amphfies a downstream DSL s,gnal transmitted fiom the centra, office 202 over the 

■ oc onR aryd the looD extender 229 then amplifies the 
loop 218 to the customer premises 208 and the loop exic 

downstream signal again. 

,00231 Hence, the loop extender 228 amplifies the downstream signal to at leas, 
partially compensate for tite atienuation incurred as the downstieam s.gnal passes over 
the portion of the loop 218 between the central office 202 andthe loop extender 228. 
Next, the loop extender 229 amplifies the downstream signal to at least partially 
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fo. ^ a«enua.o„ ,„c«ed . U,e dow„s«ea™ s,gna. parses fror. .he loop 
extender 228 to the loop extender 229. 

,,,24, Likewise, for upstteam DSL sisals 6on, .he cus.omer premises 208 .0 fte 

ee„.ra. offiee 202, .he loop ex.e„der 229 amplifies .he,ups„ean, s.gna.s .0 a. leas. 
par.,aUyeo.pe„sa.efor.hea,.e„ua..o„«oceurshe.wee„.hee„s.omerpre™ses20S 

3. ieas. par.,aUy co.pe„sa.e for *e anenuaUon ineu^d as .he ups«eam signal passes 

fto. .he loop extender 229 over *e loeal loop 218 .0 loop ex.e„der 228. In a 
p„ferreden,bod,men.*eDSLs.s„alsareCa.egorylADSLs,g„a,sasdeserihedin*e 

ANS, (American Na.ional Slandards lns,i.u.e) T1.413 issue 2 specifeation in which *e 
„ps«am signal band and fte downs«eam signal band do no. overlap. 

m one embodimen., .he loop distance be.w=en fl,e loop exunders 228 and 229 

,s be.ween abon. 5,000 and 7.000 fee., h, a preferred en,bodin,en, *e loop disunce 
.e.weenU,e loop ex.enders228and229 is abou. 6,000 fee.. AS d,scnssedinn,orede.,l 

fashion. alongas,ngleloopn,aybe advantageous ,n.a.p„rsuan..oonee.bod,n,en.of 
.epresen.svs.en,andn,e.h„d,eachloopex.ender.aybeadaptedw,.hPOTS loading 
eoils(seeF10.4,Th,sen,bod,n,en.n,aythenreplaceconven.i„nalPOTSl„adtngeoils, 
*eharedisp„sedabon.ever,6,000tee.al„ngaloop to prov,debothPOTS loading 

^ OSL signal ampUfication «.c..onal,.y. Add.ttonal deuils of *.s en,bodtn,en. are 
discussed below with reference to FIG. 4. 

„,Z«, The loop 218 is iUns«a.ed as having .wo ccaded loop =x.ende. 228 and 229 
.„pled.ere.obe.ween.ece„«a,omce202and.hecns.on.er premises 208. It Should 
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be noted, however, U,a. add,.io„.l loop extenders (not shown) may be disposed ,n series 
between the centra. ofBce 202 and the customer premises 208 so that DSL sisals may be 
effectively transmitted over an even longer loop 218 by bemg amplified multiple times 
by multiple loop extenders. 

,,0271 In the FIG. 2 embodiment, the loop extenders 224, 226. 228, and 230 receive 
electrical power from a power supply 240, which pt^ferably receives power over a 
rwisted pair 242 from the central ofBce 202. The twisted pa,r 242 is a dedicated twisted 
pair that delivers DC current to the power supply 240 m the same mamter in which 
electrical power is conventionally provided to T. Une repeaters. Wh.le no. separately 
Ulustrated, the loop extender 229 may receive power from a separate dedtcated twisted 
pair or may receive power ftom the power supply 240. Ustly, the power supply 240; the 
loop extenders 224, 226, 228, and 230; and assocated circuttry (not shown) may be 
disposed in a common housing 250. 

(00281 FIG. 3 illustrates one embodiment of the loop extender 224 of FIO. 1 As 
shown, the loop ext^der 224 is coupled to the local loop 214 between the centn.1 office 
202 andthe customer premises 204. The loop extender 224 includes a downstream filter 
302 and a downstream amplifying element or stage 304 and an upstream filter 312 and an 

. .tii Tlij filter; 302 and 312 and the amplifying 
upstream amplifying element or stage 3 14. The tillers 

elements 304 and 314 are disposed between a pair of hybrids 322 and 324. The 
amphfying elements 304 and 314 may be implemented as amplifiers or amplifying 

equalizers. 

100291 In general, the hybrid 322 receives downstream DSL signals from the central 
office 202 along the local loop 214 and outputs the downstream DSL signals to the 
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OSL..a..o»U,eup.ea.a.pa..„..e».UMa.,S«ne334a„.— ^ 

, t the local loop 214 for transmission to the central office 202. 
upstream DSL signals onto the local loop 

,«„ s«a.y.*ehybad324,«eWesup.»ea.DSL..a,s..».e — 

p...e.204a>„ns.e,ocanoop2Uandou.„.*eups»ea»OSLs,^a>s.oU,e 

„ps.ea.«...3na,o„sa.3«.T.e...n.3«aUo^.vesa»pU«eaao— 

OSL..aU.o™*eao„ns„ea.a»pU^nse>e«n.304a.o„.U.3.a„a — 
,eao— DSL.,naUo.o.e,oca.,oop2mo.— on.oU,ec.«>.e. 

premises 204. . x- ^ 

As.ho..,Uea,n.hea«wUUpprec,ate,wHe.e.heh.bna32..s™perfec, 

DSL sisnal receivea via the line 334 will leak 
least a portion otthe upstream amplifiea DSL s.gnai 

,, , i« Likewise where the hybrid 324 is imperfect, at 
u^ough the hybrid 322 onto the line 332. Likewise, w 

,..^„^thehybna324„n.„tbel.e342.Witho.t.bepreseneeonhe«l.ers302ana 
,;„seillationscanseabyintroauci„gsainintoab,-d.eotiona,syste.naue.os.snal 



at 
throng 



leakage 



,eiiseotthedow„streani,ilter302a„a.he„pstreatnr,lter312. Catesory . ADSL 
„ps,rea.s,.als generally occupy thefre,ne„oyspeotr„nibe.weenabou.25-.20kHz 

a„aCategorylADSLaow„strea.s..alsge„eral,yoccupythefr«,uencyspectn.n, 

hetweenabout.S0k„.-U04M„.Thed„wnstrea,nrilter302substa„tiallypreve„ts 

.^.aupst^a. signals .ombehistransmittedbacktothe customer premises 204by 
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.,o„U50WH.-U04M„zfo,ADSL..o.o*ervaK.,e.ofOSL,suc.asVI>SL,.he 

m and 3,2 .specUve.y a«e„ua.e .snaU ou.i.e .he dow„s„ea« a„a upsuean, 
„was,a,.o..Mha,™.o..ese.a„as.a.bea,„.e..an.h„ser„..e 

ADSL variety. 

,0«, ,„ope,a.io„,a.e.oopex,»ae,224.ceW.up.«ea.DSLsigna>stro..he 
„.e.U..04v.a.e.v.na3..«Ue.ou.,o.— a..a.„.^^^ 
,a,eaow„s«a™.=,uenc,Ww.*.he.ps«ea.fiUe,3na„a..passes.e 

«Ue.aups.rean,.^aU„a,eups«ea„a.pUfyin«=.n,e„.3Hv,aU„e352fo. 

„p„ncaUo„.The.oope.e„a..24*.pas.s*ea»pUr,ea.ps«ea™DSLs,.a. 

„„.„,..p.H.,— n.o*ec.»U..ce.O.S,.Ua,.,.He,oope«^^^^^^ 

,,„.e.vesaow„s..a„,DSLs,snaU.».Hec.„»Umce202v,aa,eHy..a3.2, 

ra.e.ou,o.ub— a„enua.s,s,s„a>si..H=up.«=a.fte,„e„oyba„aw,**e 

ao— r.U.30.a„aa,e„passes*er,U.eaaow„s..a..s.aUo.eaow„..a» 

a„pU,..e.e..004v.a>,ne3Mfo,a.pUf>ca«o„.T.,oope.e„ae.224U,e. 

1 * +u^innr» 914 for transmission to the 
passes ampUfiea aownstteam DSL s,gnal onto .he loop 

customer premises. 

,,,34, FIG. 4 mus«a«s anofter emboai»e„. ot tt,e loop ex.e„aer 224. wh,ch 
,.„aesPOTSloaa.seoUs402.Mshow.,.eloope.e„ae,224o.Pia4.„cl„aes 

POTSloaa.„.cons402c„uplea.o*e,oop2,4.ol»p«>ve— o.ofvo,ceo, 

POTS Muenoy signals ove.lo„.looplen,*..uchas*oselo„«e..ha„a.o„.18.000 
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feet. In one embodiment, the POTS loading coils 402 include loading coils having an 
inductance of about 88 mH. 

[00351 The hybrid 322 is illustrated as being capacitively coupled to the local loop on 
me central office side of the POTS loading coils 402 along lines 412 and 414. A 
capacitor 416 (100 nF) is disposed along the line 412 and a capacitor 418 (100 nF) is 
disposed along the line 414 to capacitively couple the hybrid 322 to the loop 214 on the 
central office side of the POTS loading coils 402. 

(00361 Similarly, the hybrid 324 is illustrated as being capacitively coupled to the 
local loop on the customer premises side of ttte POTS loading coils 402 along lines 422 
and 424. A capacitor 426 (100 nF) is disposed along the line 422 and a capacitor 428 
(100 nF) is disposed along the line 424 to capacitively couple the hybrid 324 to the loop 
214 on the customer premises side of the POTS loading coils 402. 
[00371 The loop extender 224 of FIG. 4 maybe advantageously employed in 
circumstances where the local loop 214 aheady has conventional POTS loading coils 
eoupled thereto, ta this circumstance, the loop extender 224 of FIG. 4 may simply 
replace the conventional POTS loading coil to provide both POTS loading coil and DSL 
signal amplification functionality. Indeed, POTS loading coils are conventionally 
disposed about every 6,000 feet along some long loops to improve voice frequency 
transmission over long loops. By replacing these conventional POTS loading coils with 
the loop extender 224 of FIG. 4, a single device, namely the loop extender 224 of FIG. 4, 
may provide both voice frequency transmission improvement and DSL signal 
amplification. Moreover, replacing existing POTS loading coils witi> the loop extender 
224 of FIG. 4 pemrits the loop extender 224 to potentially use any housing or other 
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hardware (no. shown) associated with *e previously existing POTS loading coiis, 
,herebypo.ent*tac.Utat,nginstanationof.he>„opextender224ofF.G.4aiongthe 

looal loop 2i4. Addittona. details of the components of the ioop extender 224 of FIG. 4 
are discussed below with reference to FIGS. 5-18. 

,00381 FIGS. 5 and 6 iUusttatc one embodiment of the hybrids 322 and 324 
eentralofi-.cesideof.hclo„p2,4(notshown)vialines4,2and4I4andawinding504 
coupled to lines 332 and 334. Line 332 couples the hybrid 322 to .he downstream filter 
302 Line 334 couples fte hybrid 322 .o fte upstream amplifying e.emen. 314 va a 
.sis.or 506 (100 ohms,. The winding 504 ,s also coupled .0 ground v.a a resistor 508 

(50 ohms) along center tap Ime 5,0. The hybrid 322 also mcludes a conventronal 

electromagnetic core 512. 

1,0,91 As Utose skilled in «>e art will appreciate, it is generally desirable tor the 
hybrid 322 .0 subs.antiaUy match the impedance of the associated loop 2,4 to improve 
„ansm,ssionofDSLsi^alsbe«cen.hehybnd322andthelo„p2I4.Conscuen.,y, 

depe„dingon«.epari.cu,arapp,.ca.ionandimpedancecharac.eris.icsof.hcassoc,ated 
loca,.oop2,4,.tmay be desirabicinsomc instances, toreptaceeachofthc resistors 506 

and 508 wid. an impedance networi. having a complex impedance to po.ent,a,ly be«er 

„atch the impedance of the associated local loop 2,4. The design and imp,ementa.,on of 

such impedance networks is well wi*in drc level of ordinan, skill in *e ar.. 

,0«4«, AS shown in FIG. 6, dre hybrid 324 includes a w.nding 602 coupled to the 

c„stomerprem,scsside„f.hcloop214(n„.shown)via„nes422and424andawinding 

,04 coupled. Iines342 and 344. Line 342couples.heh,brid324t„theups«eamf.l.er 
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3U Line 344 coup.es U,e hybnd 324 .o .he Oownstrean, ampiifying e.e«en. 3 .4 v,a a 
..s.o,606(,00ohn,s).Thewi„<.in.604.sa,socoup,=d,o^oundviaa.s,s.or608 

.„„,ee„.e,.apH„eS.0.THe.y..c.3..a.o,ncMesae„— aU,e— 



core 612. 



,„,4„ UUa,soge„eraUydes.ab.e,or.hehybnd324.osubs.a„«aUy.a.ch.he 
,„peda„eeof*eassooia.e.,oop2HU„™prov=«a„s.s.o„otDSLs,g„a>sbe«,ee„ 
*ehyW<.324a„d*e>oop2.4.— .y,depe„dU,go„.epa.«cu,a.appUca«<.n 

.ai«pedance*a:ae.e„s.,csof.ea.oc,a.edIocaUoop2U,U«aybeae..a.,e^ 
..e,..anoes,.orep,aceeachot«,e.sU.ors606a„d60Sw,*a„>n,peaa„-e.wo* 

,..gaco.p.exi»pe.a„ce.opo.e„.iauy.e„er™.ch.ein,peaa„ceon.e 
local loop 214. 

FIG. 7 iUus„a,es one en,bodin.en. otthe upstream f,Ue, 3,2 of FIG. 4. As 
..own,.e„ps„ean.nUe.3,2isacUonU.avinsacapacUo.,02(7.3nP),npa.aUe,w,U. 

.,ndnc.o.704(.2™H),wMcha,econ,e<i.o.onnd.aa.s,s.o„06<200oh.s, 

^,a^..o.e.dno.„.704,sares.»70S(200o.n,s,coup.ed.ogronnd.An,nauc.o. 

™(360uH).<.,spose<.a,acenUo*eresis»70S.Acapao.„r7,2(4.6nF,c„up,ea 

.,onn..s«sposeaaaiacenUo.e.nauc.o.7,0opposUe.heres,s.o.70S.Acapac«o. 

,,4 (.6 OF) is disposed in series with *e ^«or 7.0 on U>e opposi. side of *e 
eapaci.„r7,2as*eind„c.„,7,0.Aninduc.„r7.6(..5n.„)coup.ed.ogro™>d,s 

a.sposedad,aee„Uod.ecapaeUo.7Mopposi.e.ecapaci.o,7.2.Aoapac,.o.7U(45 
„P) and a resistor 720 (300 ohnrs) are aiso prov.ded in senes wi* *e capaeiror 7,4 
opposite the inductor 716. 
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10M3, in *is configuration, *e upstteam fiUer 3,2 is operative .0 anennate signals 
„n«iae*eups.rea.fte,uencyband. SpecifoaUy, in U„s en,bod,n,en, U-eupstrean, 
finer 3 12 a— sisals in Ure downs«ean, band, such as d.e 150 fflz -U04 MHz 
handfor one en,bod,n,en.ofdo™s«ea.Ca.gory.ADSLs,gna,s.T.ose skilled inU-e 

ar. will appreciate *a. many d,fferen. component configurafons and component values 
™y be employed to achieve a comparable Altering fimction and, therefore, the detatls 
aescnbed above .nconnecron with PIG.7a.tobecons,dered in an illustrattveandnot 

restrictive sense. 

100441 FIG. 8 illustrates the magnimde of the frequency response of the upstream 
filter 312 of FIG, 7. AS iUustmted. the upstream filter 312 attenuates s.gnals above and 

u A foKo„t9'i 120 kHz FIG. 9 illustrates the phase 
below the upstream frequency band of about 25 - 120 kHz. 

^ 1 ^ TTTn 1 onA Qhnws the locations of 
of the frequency response of the upstream filter 312 of FIG. 7 

the poles. 

[00451 FIG. 10 illustrates one embodiment of the downstream filter 302 of FIG. 4. 

The do— filter 302 is disposed between the hybrid 322 and the downstream 

amplifying element 304 for attenuating s.gnals outs.de the downstream frequency band. 

' such as upstream band DSL s.gnals that have been leaked through the hybrid 322. 
Ad,acent.othehybrid322,thedownstream filter tncludesacapactor 1002 (780P0 and 

an mductor 1004 (180 uH, disposed in parallel and coupled to ground via a resistor 1006 
(200 ohms). A resistor 1007.(200 ohms) is also coupled to ground adjacent the inductor 
,004 An inductor 1008 (42 uH) is disposed adjacent to the resistor 1007. A capacitor 
,010 (410 pF) coupled ,0 ground is disposed adjacem to the inductor ,008 opposite the 
resistor ,007. Another capacitor .0,2 (2.7 nF) is disposed in series wtth .he inductor 
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,008 and adjacent to the capactor 10.0 opposite the inductor 1008. An inductor 1014 
(270 uH) coupled to ground is disposed adjacent to the capacitor 1012 opposite the . 
capacitor 1010. Another capacitor 1016 (10 nF) is disposed in series with the capacitor 
,0.2 adjacent the inductor 1014 opposite the capacitor .012. A resistor .018 (300 ohn,s) 
is disposed in series with the capacitor 1016 between the capacitor 1016 and the line 354 
leading to the downstream amplifying element 304. 

,00461 In this configuration, the downstream filter 302 is operative to attenuate 
signals outside flte downstream frequency band. Specifically, in this embodtaent, the 
downstream filter 302 attenuates signals in the upstream band, such as the 25- 120 kHz 
band tor downstream ADSL. Those skilled in the art will appreciate that many dtfferent 
componem configurations and component values may be employed to achieve a 
comparable fi.tering fimotion and, therefore, the details described above in connection 
with no. 10 are to be considered in an illustrative and not restrictive sense. 
[00471 nOS. 1 1 and 12 respectively illustrate the magnitude and phase of the 
frequency response of the downs^am filter 302 of FIG. 10. As shown in F.G. 11, the 
downsfream filter 302 passes signals in the downsfream band range. As discussed above, 
,he downsfream band range for one version of Category . ADSL is about 1 50 kHz to 
about 1 . 104 MHz. Therefore, for m,s version of ADSL, the downstream filter 302 
attenuates signals above and below this band. FIG. 12 illustrates the phase of the 
frequency response of the downstteam filter 302 of FIG. 10 and shows the position of the 
filter poles. 

10048] FIG. 13 illustrates one embodiment of the upstream amplifying element 3 14 
of FIG. 4. AS shown, the upstream amplifying element 314 is disposed between the 
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ups«eam filter 3,2 and .he hybrid 322 for amph.y,ng upsttean, DSL s.gnals and passing 
U,e ampUfied upstteam DSL signals to ,he hybrid 322 .o be passed .o .he local loop 214. 
In .his embodimen.. .he upsttean, amplifying elemen. 3 14 is an amplifying equalizer 
hav,ng an operaiional amplifier 1302, a capaci.or 1304 (620 pF). a resisior 1306 (10 K 
ohms), resislors 1308 (1700 ohms) and 1310 (290 ohms), and a capaCor 1312 (4.1 nF). 
AS shown, fte operational amplifier 1302 has a positive inpn. coupled .o ground and a 
negative inpu, coupled .o line 352, which couples .he upstieam amplifring elemen. 3 14 
.0 ti,e upstteam filter 312. Ue oulput of the operational amplifier 1302 is coupled to line 
334. which couples me upstieam amplifying element 314 to tire hybrid 322. The resistors 
1308 and 1310 are disposed in series with each other and in parallel wi* tire resistor 
,306 andtire capacitor 1304. Moreover, the resistors 1308 and 1310 are also coupled to 
pound v,a the capacitor 13 12, which is deposed between the res.stors 1308 and ,3,0. 
Additional characeristics of ti,e upstream ampl.fying element 3 ,4 are described below 
with reference to FIGS. 1 5 and 16. 

100491 1. this configuration, the upstream ampUlying element 3 14 is operative to 
amplifytng upstteam DSL signals and to provide more amplification to upstream DSL 
signals according to Ureir frequency by amplifyng higher frequency ups^eam DSL 
s,^a,s more tiran lower frequency upslream DSL signals. Those slcilled in ti,e ari will 
apprecia^ that many differem component configurations and component values may be 
employed .0 achieve a comparable or satisfacory amplifying fimction and, fl,erefore, tire 
details described above in connection witi, F,0. ,3 are to be constdered in an iUustiative 
and not restrictive sense. 
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,00501 FIG. 14 iltas«..es one embodiment of .he downstteam ampliiVing element 
304 of FIG. 4. in this embodiment, the downstream amplifying element 304 is an 
amp.ify.ng equalizer having an opera.,o„a, amp.,fier 1402. a capaci.or .404 (1 1 pF). a 
«sistor .406 (44 K ohms), resistors .408 (260 ohms) and .4.0 (.600 ohms), and 
capactor .4.2(4.. nF). As shown, the operationa. amp.ifier 1402 has a posWve input 
ooupied to ground and a negative input coupled to line 354. which coup.es the 
downstream amp.ify.ng e.ement 304 to the downstream fi.ter 302. The output of the 
operational amphfter .402 ,s coup.ed ,0 .ine 344, which couples the downstream 
amplifying e.ement 304 to the hybnd 324. The reststors .408 and .4.0 are dtsposed in 
series with each other atrd in parallel with the resistor .406 and the capacitor .404. 
Moreover, the resistors .408 and 14.0 are a.so coup.ed to ground viathe capacitor 1412. 
whtch ,s disposed between Ute resistors 1408 and .4.0. Additional chamc.eris.ics of the 
downstream amp.ify.ng e.ement 304 are descnbed be.ow w.th reference to FIGS. .7 and 
18. 

,00511 h. this configuration, the downstream amphfying element 304 is operative to 
ampiifying downstream DSL signals and to provide more ampHfication to downstream 
DSL signals according to their frequency by amplifying hrgher frequency downstream 
DSL signals more than lower frequency downstream DSL signais. Those ski..ed in the 
ar, wi.. apprecate that many different component conflgumtions and component va.ues 
„ay be emp.oyed to achieve a comparab.e or satisfactory amplifying ftmction and, 
Aeretore, the detatls described above in com.ec.ion with FIG. 14 are to be considered in 



an 



illustrative and not restrictive sense. 
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100521 FIGS. 15 and 16 respectively illustrate .he magnitude and phase of the 
frequency response of the upstream ampUfying element 314 otFIG. 13. to particular, 
FIG. 15 shows signal magnitude amplification as a fimction of signal frequency. As 
shown, the upstream amplifying element 314 of FIG. 13 amplifies higher upstream 
frequency signals more than lower upstream frequency signals to at least partially 
compensate for the tendency of higher frequency signals to be more attenuated as they 
ttaverse a local loop than lower frequency signals. Thus, for example, the upstream 
amplifying element 3 14 shown in FIG. 13 will amplify a 100 kHz signal more than a 25 
kHz signal. 

100531 FIGS. 17 and 18 respectively illustrate the magnitude and phase of the 
frequency response of the downstream ampUfying element 304 of FIG. 14. In particular. 
FIG. 17 shows signal magnimde amplification as a fiutction of signal frequency. As 
shown, the downstream amplifytng element 304 otFIG. 14 amplifies hi^er downsfream 
frequency signals more than lower downsfream frequency signals to at least partially 
compensate for tire tendency of higher frequency s.gnals.to be more attenuated as they 
traverse a local loop than lower frequency signals. Thus, for example, tite downsfream 
amplifymg element 304 shown in FIG. 14 will amplify a 1 MHz s.gnal more tiran a 150 
kHz signal. 

[0054] FIG. 19 illustrates another embodiment of the loop extender 224 of FIG. 2. 
As shown, the loop extender 224 is disposed between the central office 202 and a 
customer premises 204 and is coupled to the local loop 214. The loop extender 224 of 
FIG. 19 may include the POTS loading coils 402, the details and purposes of which are 
described above in conjunction with FIG. 4. 
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,00551 The FIG. 19 loop extender 224 also includes a central office side hybrid 1902 
and a customer premises side hybrid 1904. Further, the FIG. 19 loop ewender 224 
includes an upstream band separation filter/amplilying equalizer 1912, an upstream 
inverting amplifier 1914, a dov™stream band separation filter / amplifying equalizer 
1922, and a downstream differential amplifier pair 1924. 

,00561 In general, upstream DSL si»,als, such as upstream ADSL or VDSL stgnals, 
are received from the customer premises 204 along the loop 214 by the hybrid 1904 and 
passed onto dte upstream filter / amplifying equahzer 1912 via line 1916. The upstream 
filter / amplifying equaUzer 1912 filters out signals in the downstream band that may 
have leaked through the hybrid 1904 and amplifies the upstream DSL signals. After 
ampli^ng the upstream s.gnals and attenuating sigrals in the downstream frequency 
band, the upstream filter / amplifying equalizer 1912 passes the upstream DSL sis>als to 
the inverting amplifier 1914 via line 1918. The upstream filter / amplifying equalizer 
1912 also passes the filtered and amplified upstream DSL signals to the hybrid 1902 via 
the line 1917. The inverting amplifier 1914 then inverts the received signal and passes 
are inverted signal to the hybrid 1902 via line 1919. Hence, as described in more detail 
below, the hybrid 1902 is differentially driven by both the upstream filter / amplifying 
equalizer 1912 and the inverting amphfier 1914. 

100571 The loop extender 224 receives downstream DSL signals from the central 
office 202 along the local loop 214 by the hybnd 1902. The hybrid 1902 then passes the 
reived downstream DSL signals to the downstream filter / amplifying equaUzer 1922 
along line 1923. The downstream filter / amplifying equalizer 1922 attenuates signals 
outside the downstream DSL ftequency band, such as signals in the upstream frequency 
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ban. to, mayhave leaked tooughU>e hybrid .902. The dow„s«eam filter / amplifying 
equalizer 1922 also amplifies .he down.«am DSL signals and passes *e amplified and 
anenuated downstream DSL siprals .o the d,fteren.,al amplifier pa,r 1924 for fi.r,her 
amplification via lines 1925 and 1927. The dtfeenfal amphfier pair 1924 amplifies the 
downstream DSL sisals and passes the amplified downstream DSL signals onto the loop 
214 by differentially driving the hybrid 1904 via lines 1929 and 193 1. 
[00581 FIG.20illustratesoneembodimen.ofthehybrid 1902ofFIG. 19. Asshown. 
flre hybrid 1902 is conpled to the loop 214 via the hnes 412 and 414 and is also coupled 
,0 the downstream filter / amplifying equalizer 1922 via line 1923. to the upstream filter / 
amplifying equalizer 1912 via line 1917. and to the inveriing amplifier 1914 by line 1919. 
The hybrid 1902 includes a transformer 2002, an impedance nePvork 2004, and a 
capacitor 2006. The transformer 2002 has a turns ratio of 1:0.707. Theimpedance 
network 2004 is coupled ,„ Une 1919 and has a net impedance that advantageously 
approximates that of the loop 214 (FIG. 2) forthc frequencies otinterest. The capacitor 
2006 capacitively separates the tmnsformer 2002 and the upstream filter / amplifytng 
equalizer 1912. 

100591 In this configuration, the inverting amplifier 1914 and the upstream 
filter/amplifying equalizer 1912 differentially drive the hybrid 1902 via lines .919 and 
,917. Since the inverting amplifier 1914 inverts signals, signals on line 1917 are 180 
degrees out of phase with signals on line 1919. Therefore, the hybrid 1902 is 
differentially driven with an effective peak-to-peak voltage level that is twice the voltage 
level applied by either line 1917 or line 1919 individually. Differentially driving fl>e 
hybrid 1902 provides an additional 6 dB of amplification torthe upstream DSL signals. 
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which are passed .0 .he local loop 214 va line 412. TTe hybrid 1902 passes fte 
downstream DSL signals to downstream filter / amplifying equalizer 1922 via line 1923. 
The impedance network 2004 is shown as including resistors 2010 (110 ohms), 2012 (80 
ohms), and 2014 (50 ohms). The impedance network also shows capacitors 2020 (100 
nF), 2022 (68 nF), and 2024 (56 nF). 

1,0601 FIG. 21 illustrates one embodiment of hybrid 1904 of FIG. 19. As shown, the 
hybrid 1904 includes a transformer 2102, an impedance network 2104, and a capacitor 
2106 (470 nF). The differential amplifier pair 1924 (HG. 19) differentially drive 
downstt^am DSL signaU on the transformer 2102 v,a the lines 1929 and 1931. TTc 
hybrid passes the upstream signals received ftom fl>e loop 214 to the upstream filter / 
amplifying equalizer 1912 via the line 1916. The impedance network 2104 is 
advantageously configured to approximate the impedance of the loop 214 for U.e 
frequencies of interest. In pariicular. the impedance network 2104 is shown as includmg 
an inductor 2110 (470 ,H), resistors 21 12 (50 ohms), 21 14 (80 ohms). 21 16 (1 10 ohms), 
and capacitors 2118 (56 nF), 2120 (68 nF), 2122 (100 nF). 
100611 FIG. 22 illustrates one embodiment of the upstream filter / amplifying 
equalizer 1912 otFIG. 19. As shown, *e upstream filter/ amplifying equalizer 1912 
includes an opcmtional amplifier 2202. a r«is.or 2204 (1000 ohms), a capacitor 2206 
(8.2 nF) coupled «. the resistor 2204 and to ground, and a resistor 2208 (350 ohms) 
coupled to the negative input of the operational amplifier 2202. A resistor 2214 (2000 
ohms) and a capacitor 2212 (390 pF) are disposed in parallel between the capacitor 2206 
and the operational amplifier output along line 1918. A compensation capacitor 2210 (27 
pF) stabihzes the operation amphfier 2202 for the desired gam ^d frequency response. 
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The upst^am flUer / ampU.y.ng equaUzer ,9.2 provdes about 6 dB of amplification to 
signals in .he upstream DSL signal frequency band and attenuates signals in the 
downstream DSL signal fi^quency band. 

(00621 FIG. 23 iUmtrates one embodiment of the mverting amplifier 1914 of FIG. 19. 
The inverting amplifier 19.4 has unity gain and is provtded to assist tn differentially 
driving the hybrid 1902 by producing a si^l on line 19.9 that is .80 degrees out of 
phase with a signal on line .9.7. As shown, the Averting amplifier .9.4 inc.udes an 
operational amplifier 2302. a compensation capacitor 2304 (27 pF), a capacitor 2306 (.0 
pF), a resistor 2308 (.000 ohms), a resistor 2310 (.000 ohms), and a capacitor 23.2 (.0 
pF). The compensation capacitor 2304 (27 pF) stabilizes the operation amplifier 2302 for 
the desired gain and frequency response. The capacitor 23 12 and the resistor 2310 are 
disposed in parallel with each other between the negative input of the operational 
amplifier 2302 and the output of the operafional amplifier 2302 along line 1919. 
,00631 FIG. 24 illustrates one embodiment of the downstream filter / amplifying 
equalizer .922 of FIG. .9. As shown, the downstream fi.ter / amplifying equalizer 1922 
includes an operational amplifier 2402 and associated components for attenuating signals 
outside the downstream fiequency band, such as si^^als in the upst^m frequency band, 
and for amplifying signals m the downst^am fiequency band. The downstream filter / 
amplifying equahzer 1922 ,s disposed between the cenUal-offtce-side hybrid 1902 and 
the d,fferential amplifier pair .924. h, particuiar, the F.G. 24 embodiment of the 
downstream fi.ter / amplifying equahzer 1922 includes a capacitor 2404 (200 pF), a 
resistor 2406 (500 ohms) coupled to ground, a resistor 2408 (500 ohms), a resistor 2410 
(UOO ohms), a capacitor 2412 (470 pF), a capactor 24,6 (2.5 pF), a compensation 
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.pa.Uor24m.0pF)co.p.«..o ground, a„dares,s»2414(23000oh^,.T.e 
e<,„pe„..,o«c3pacUo,24I8sub«.es*.opera.io„a™pUf,er2402fonh=<.esU.dsa,„ 

and frequency response. 

,0064, AddUional ot*e do— fiUer / amplifying e,„aUzer 1922 

eouecively fUnCion as a Wgh pass f,Uer .0 penni. passage of d>e do— DSL 
,^als.wMl=a— g.o««fre,„ency signals .n.heups.ean,.and.Theoon,ponenU 

include a capacitor 2420 (470 pF), an indnCor 2422 (1 n,H) coupled .0 ground, and a 

.sistor 2424 (800 „hn,s). As shown, tt,e line 1925 is coupled .o tt,e do— fUer , 

ampLfying cualizer 1922 a< .he r..s.or 2424 and U,e line .927 is coupled .o ,hc 
,owns.rea.fi«cr,an,pu,yingcuali.erl922.e.wce„.ecapacuor2420and.heres,s.or 

2422 h. dris c„nf,gura.,on, ,he dow„s„ean, filter / amplifyng equalizer 1922 amphfies 
^velea.edfl.oughd>ehyhrid.902,andpasscs.he amplified andfilrered do— 

Signals .0 d,e differential amplifier pair .924 along .he Itnes .925 and .927. 

,0,651 FIG. 25 illustrates one embodiment otthe differentia, amp.ifier pa. .924 of 

no .9 Asshown,d>edifferen.ialamp.ifierpair.924,sdisposedbetweenthe 

aowns.reamf.Uer/amplifyingecua.,.er,922andhybr,d.904.oprovideadditiona. 

^ ampUfica.io„ .o the do— DSL signals, m il.ustrated embodimen. of the 

aifferentlal amplifier pair .924 tnc.udes an opcrattona. ampUfier 2502 coupled to the Imc 

ampltfier 2502 is also coupled to ground v,a a compensatton capacitor 2504 (.0 pF). The 

•t.r 9^04 no vV) stabilizes the operation amplifier 2502 for the 
compensation capacitor 2504 pt; swom 

The nutout of the operational amplifier 2502 is 
desired gain and frequency response. The output oi me p 
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coupled «, a positive i.,pu. of a„ operational amplifier 2506 along line 2508. TTe oun>u. 
of ti,e operational amplifier 2506 is coupled to U,e line 1929. The operational amphfier 
2506 is configured such that tire hias current is se, to it. hi^es. ct^t se^ng. In 
addition, a resistor 2510 (5000 ohnts) is disposed between the line 1925 and the line 



1929. 



100661 Operationalamplifiers252Dand2522aredisposedbe^»eenfl.elines 1927 
and 1931. The additional components associated wid> the operational amplifiers 2520 
and 2522 mclude a compensation capacitor 2524 (10 pF) coupled to ground, a resistor 
2526 (500 ohms) coupled to ground, and a resistor 2528 (2600 ohms). In particular, the 
line .927 is coupled to a positive mput of the operational amplifier 2520 and tite resistor 
2526 is coupled to a negative input of the operational amphfier 2520. The compensation 
capaettor 2524 (10 pF) stabili.es the operation amplifier 2520 for the desired gain and 
frequency response. The output of the operational amplifier 2520 is coupled to a positive 
input of tt,e operational amplifier 2522. The output of the operational amplifier 2522 is 
coupled to the tine 1931. The operational ampUfier 2522 ,s configured such that tite bias 
current is set to its highest current setiing. Usrty. the reststor 2528 ,s dtsposed be^veen 
tire negative input of the operational amplifier 2520 and the Une 1931 . 
,0*671 FIG. 26 illustrates the magnin,de ottite frequency response of tire upstieam 
filter / amplifying equalizer 1912 of FlO. 19. As shown, the upstream filter / ampli^ng 
equalizer 1912 amplifies signals in flte upstieam frequency band of about 25-120 kHz 
and attenuates sisals in the downstieam frequency band FIG. 26 also shows that tite 
upstieam filter ./ amplifying equalizer 1912 provides more ampUfication to higher 
frequency upstieam band signals titan to lower upstieam band sisals. FIG. 27 iUustiates 
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*ephaseof*efte,uenovrespo„seof«.eups«a»«.er/a»pUfyi.se<,uaUz.m2^ 

shows the pole location. 

FIG. 28 mus«.=s me ma^u^Oe of « response of .he downs«ea:n 
mter/ampU.yinge<,«aUzer 1922ofFIG. .9. As shown, fte do— fiUer / 
»pU,i„,e,.ahzeH922 an,pUf,es Signals .„*e do— .e,uency.a„dofahou. 

,50 ffl. - U MHZ whUe attenua.i„g sisals in d,e upstream frequency band. FIG. 28 

auo Shows « .he downs.r.m fiher / amplifying equaUzer ,922 provdes more 
an,pUfioa„on.ohigher«downs„ean,Wsigna>sd,an,o,ower.e,uency 

downs^eambandsignals. FIG. 29 iU.ua.esd,ephaseofd.e frequency response of .he 
downstteam fiUcr / amplifying equalizer 1912 and shows .he pole loealion. 

The presen, sys.em and med,od for amplifying DSL signals as d.ey ^averse a 
,„oalloop.o overcome, or s„bsUnUallyallev,a.e.prohlemsassoeia.dwiU>DSLs,gnal 

a„e„ua,ion may be useful .n conneedon wi.h DSL frequency ranges .ha. ex.end well 
a,.ve 1 1 MHZ. Tha, .s. conven.ional.y. d,e upper bound of DSL signals is « 

problems;DSLs,.alssig„.f.ean.,yabovel.lMHzareusual,y.oo severely adenua.ed.o 
..usefr.linmanyconfrgura.,o„sa„dloopleng*s.However,byboos..ngd,eampl,brde 

of d,e DSL Signals as disclosed herein, higher frequency DSL signals, such as .hose 
.^if,can«yabovel.lMHz.n.aybeen.ployed.oen.argett,edownsfrean,frequenoy 

,and..oe„larged>enps«eamfrequencyband.orbo.,.oa,ereby,uerease.heassocia.ed 

downs«ea.nandupsfreamda.a,a.es.. indeed. d.is.oopex.ender.echr,ologymayenable 

e.ens,„ns.ocurren.ADSLs.andardssuchasT1.4,3i2„rG.992..d,a.couldu.ihze 
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more 



bandwidth than the currently deftned standards by using higher frecuency DSL 
signals, such as those significantly above 1 . 1 MHz. 

,0,70, The inventton has been described above with reference to specific entbodintents. 

„iU, however, be evident that various tnodtfications and changes ntay be n,ade thereto 
w,.houtdepart,„gfio.thebroadersp,n.andscopeof.he invention. The foregoing 
descript.onanddrawinssa.,according.y..oberegardedi„an.Uustrativerathertha„a 

restrictive sense. 
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